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IX.—The Formation of the Germinal Layers in Teleoslei. By GEORGE BROOK,

F.L.S., Lecturer on Comparative Embryology in the University of
Edinburgh. (Plates XIIL-XV.)

(Bead 1st February 1886:)

Introduction..

A little more than a year ago, I was led to conclude that the primitive
hypoblast in pelagic Teleostean ova was derived mainly from the unsegmented
protoplasm forming the floor of the segmentation cavity. In this. respect
my results were mainly in harmony with the researches of LEREBOULLET (21),
KUPFFER (18 and 19), KLEIN (16), Van BAMBEKE (3), and others, but
opposed to the more recent investigations of HKNNEGUY (10), HOFFMANN

(14), KINGSLEY and CONN. (15), RYDER (24), AGASSIZ and WHITMAN (1), and

CUNNINGHAM (8.) At that time I adopted AGASSIZ and WHITMAN'S name of
periblast for the subgerminal layer containing free nuclei, though I differed
from those authors in my idea of the mode of origin of the nuclei. As, how-
ever, I regard the tissues derived from this layer as belonging chiefly to the
parablastic group of His and WALDEYER, I propose to return for the present
to the older name of parablast. I was not enabled to trace the origin of this
layer in my earlier investigations, and thus failed to grasp its significance.
More recently I have had an opportunity of studying the development of
several other types, particularly the herring and cod. In the herring the ger-
minal mound is not formed until after fertilisation. Partly owing to this cir-
cumstance, and partly also to the early period at which the assimilation of yolk
commences, the eggs of the herring are particularly well suited for a study of
the parablast question.

In order to understand the relation of the parablast to the yolk and to the
embryo, it will be necessary to give a detailed account of the structure of the
ripe unfertilised ovum, and of the early stages of development. In doing so, I
have compared my results with the earlier investigations of BOECK, KUPFFER,

and HOFFMANN.

The Ripe Unfertilised Ovum.

The ripe unfertilised ova of the herring vary considerably in size. This varia-
tion appears to be of a twofold nature. There is a certain variation found in
the size of ova from a single female, or in those from a particular spawning dis-
trict. There is also a variation in the average size of ova from one spawning
district, as compared with those of another. KUPFFER (19) found that the ova
of the Baltic herring have a diameter usually varying between *92 and 1 mm.,
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while exceptionally small ones may only measure '85 mm. BOECK (2) gives the
diameter of the herring ova on the Norwegian coast as 1*5 mm. Those which
I have obtained from the Ballantrae herring averaged 117 mm. in diameter,
and those of the Loch Fyne herring are about the same size. The egg is
enclosed in an egg membrane, and outside the latter there is a viscous layer
by which the ovum adheres to anything with which it comes in contact. It
is by means of this substance that the eggs become attached to one another
in the form of flattened cakes.

Viscous Layer.—If an isolated ovum is gently pressed from a ripe female and
examined immediately under the microscope, it will be found that the adhesive
material forms a comparatively even covering around the egg envelope. This
is even better shown if the egg be pressed out into dilute osmic acid solution,
or into spirit, and afterwards examined by means of sections. When thus
hardened the viscous layer usually appears structureless, or presents faint and
indistinct transverse streaks, such as would be shown in sections of a horny
substance. Fig. 1 shows a section of the viscous layer and egg membrane in
the unfertilised ovum. The relative thickness of the viscous layer varies very
much. When it forms a comparatively even layer around the egg membrane it
has usually about the same diameter as the membrane itself. When, however,
before hardening, the viscous substance comes in contact with that of another
egg, or with a foreign surface, a thickened welt is formed, which may be two
or three times the thickness of the egg membrane. In such cases there is a
corresponding thinning out of the layer in other parts of its circumference.
Although usually structureless, I have once or twice seen well-marked trans-
verse striations in the hardened viscous layer. Fig. 2 represents such an
appearance, and is taken from a ripe egg which was pressed directly from
the oviduct into osmic acid solution. The viscous layer has here about
the average thickness, but is divided longitudinally into two strata. Each pre-
sents a well-marked transverse striation, Avhich is more distinct than that in
the inner portion of the egg membrane. The division of the viscous layer into
two strata may possibly be due to shrinking, but it appears difficult to see how
the transverse striations could be brought out by the same cause. They are
very evenly distributed throughout.

This structure agrees with HOFFMANN'S (14) description of the appearance
of the viscous layer in the unripe egg. According to this author, the zona
radiata in the nearly ripe egg consists of two layers closely united together.
The outer layer, which corresponds to the viscous layer, is perforated by very
fine pore canals, and is sharply separated from the inner portion. In the ripe
egg, placed directly in l-10th per cent, osmic acid, the pore canals have almost
entirely disappeared. If the ripe eggs are, however, first brought in contact
with sea water, and afterwards fixed in osmic acid, the outer layer is seen to
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be quite separated from the inner one, and to constitute the viscous substance
which serves for the attachment of the egg. This layer now frequently pre-
sents a laminated structure. From this description it will be seen that
HOFFMANN regards the viscous layer as a metamorphosed part of the zona
radiata. In this case it must be regarded as a secretion of the vitellus.

Egg Membrane.—KUPFFER has described two egg membranes, an outer
zona radiata and an inner one, comparable with the true vitelline membrane of
other forms. HOFFMANN has shown that in their origin these two portions of
the egg membrane are very similar in structure, and that they are both to be
regarded as portions of the zona radiata i there is no true vitelline membrane in
the herring ovum. My investigations support HOFFMANN'S conclusions.

Yolk.—According to KUPFFEE, the entire contents of the egg envelope are
divisible into three parts—

1. A superficial layer, consisting of strongly refractive shining homogeneous
globules "008 to "02 mm. in diameter, which he terms yolk granules (Dotter-
kb'rner).

2. Immediately below the thin superficial layer the yolk consists of larger
and less refractive yolk spheres, which have a rounded or egg-shaped form.
They vary in size from "05 to '08 mm., and constitute the greater portion of the
yolk. These are the Dotterkugeln of KUPFFER..

3. There is also a scanty viscous mass of protoplasm, which is mixed up
with the other two.

According to this observer, the fine granular layer of yellowish protoplasm,
which later forms the blastoderm, is not present in the unfertilised ovum, nor
is there a germinal disc.

As HOFFMANN has already pointed out, KUPFFER was mistaken in supposing
that the germinal protoplasm does not already exist in the ripe unfertilised
ovum. The reason why it is not visible in the living egg is twofold. In the
first place, it does not form a distinct layer around the yolk, as is usually the
case in Teleostean fish ova; and in the second, there is so slight a difference
between the colour of the yolk spheres and that of the protoplasm, that in the
living egg it is impossible to distinguish between them. A section of the unfer-
tilised egg shows nevertheless that the germinal protoplasm exists in the herring
as well as in other fish eggs. There is, however, this difference, that whereas in
fishes generally the bulk of the germinal protoplasm is collected as a distinct
layer on the surface of the yolk at the time the egg is ready for fertilisation, in
the herring the protoplasm is distributed throughout the yolk. The egg con-
tents consist in fact of a mass of delicate protoplasm, in which the yolk spheres
are imbedded. This structure is well brought out in sections of ova stained in
Mayer's carmine. I have obtained the best results by leaving the eggs in the
staining solution from twenty-four to forty-eight hours. Subsequent treatment
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with acid alcohol extracts all the stain from the yolk, so that the protoplasm
remains deeply stained Avith carmine, while the yolk retains its original pale
yellow tint, which is, however, too weak to show in thin sections. Unless the
acid alcohol is allowed to act for some hours the yolk is not entirely robbed
of its stain.

Fig. 3 (PI. XIII.) represents a section through the middle of an egg, prepared
as I have described. The germinal protoplasm is seen to be finely granular under
a high power, but the granulation is so delicate and regular that, with a low
power, the protoplasm appears quite homogeneous. The large yolk spheres
occupy the greater portion of the egg, and are comparatively evenly distributed.
There is not so great a variation in the size of the yolk spheres at this as in
later stages. Towards the margin, however, there is a diminution in size,
leading up to the small yolk granules which lie immediately beneath the egg
envelope. KUPFFER says nothing as to the origin of these yolk granules, but
HOFFMANN has indicated their possible mode of origin. According to this
observer, the unripe ovum contains little protoplasm, and a large number of the
large yolk spheres about "035 mm. in diameter. It is to be presumed that at
this stage there are no yolk granules, although this is not distinctly stated.
Later, in the ripe unfertilised ovum, the large yolk spheres are fewer in number,
and there is more protoplasm. While most of the yolk spheres are compai'a-
tively homogeneous in structure, a few are seen to be filled with smaller spheres
only '002 mm. in diameter. These are often seen lying in clusters outside the
larger spheres, and would appear to be set free by the rupture of the walls of
the latter. HOFFMANN does not, however, offer any theory on the subject, nor
does he give any figures.

There is undoubtedly a greater proportion of protoplasm to food yolk in the
ripe ovum of the herring than is to be found at an earlier stage. The small
refractive yolk granules are also not present in the unripe ovum so far as my
observations go, but I have not been able to trace their origin. I have never
observed a collection of small spherical "granules" inside one of the yolk
spherules, nor any collection of them which would lead one to infer the origin
assigned to them by HOFFMANN. Judging from the subsequent behaviour of
the food yolk, I am not inclined to accept HOFFMANN'S view without further
evidence. The yolk of Teleostean fish ova, and particularly of the herring, is
simply a collection of food material which has no cellular value whatever, and
does not undergo a segmentation comparable with that of amphibian ova. If
HOFFMANN'S views are accepted, there must either be a segmentation in the
yolk spheres themselves, or the small yolk granules are the result of a
mechanical subdivision of the larger masses. The former proposition appears
entirely unwarranted by the future behaviour of the yolk. A mass of yolk,
which can form around itself a thin wall, subdivide its contained food material



FORMATION OF THE GERMINAL LAYERS IN TELEOSTEL 203

into a number of small spheres, and then by a rupture of its wall set the new
products free, must surely possess more vital properties than are exhibited by
the yolk of fish ova. Again, the appearance of the yolk granules is different
from that of the yolk spherules. The former are dense and highly refractive,
while the latter are only slightly refractive. The " yolk granules " disappear
when the egg is fertilised. They do not appear to be incorporated within
the protoplasm as so much food, but the dense droplets spread out into a
thin film, which becomes indistinguishable amongst the germinal protoplasm.
Such dense droplets are found in the ova of the Gadidse and other fishes, and
here play a similar part. They are probably oily in nature, and may be pro-
duced by the mechanical collection of the oily material contained in the yolk
mass. Returning now to KUPFFER'S statements concerning the structure of the
ripe unfertilised ovum, I hold that he is correct in his opinion that the germinal
disc, in the strict sense of the word, does not yet exist in the unfertilised ovum.
Undoubtedly he was mistaken in concluding that in the unfertilised ovum there
is no division into formative and nutritive yolk. This has already been pointed
out by HOFFMANN. This author, however, appears to regard the germinal
protoplasm, which is distributed throughout the yolk in the ripe unfertilised
ovum, as homologous with the germinal disc in other fish ova. This is not the
case. The germinal protoplasm already existing in the unfertilised ovum does
indeed, after fertilisation, become in great part used up in forming the germinal
disc, but not entirely so. This protoplasm also increases in bulk considerably
at the expense of the yolk before segmentation commences.

Unfortunately, I have not been enabled to make a thorough study of the
development of the ovarian ovum of the herring. I have, however, examined
sections of ovaries in various stages of development. The earliest stage which
I have observed is one in which the primitive ovum is already surrounded by a
follicle. The cell protoplasm contains very little food material, and the nucleus
is very distinct. As the ovum increases in size yolk material becomes collected
within the egg contents to such an extent as to hide the nucleus and its sur-
rounding protoplasm, when only the whole egg is examined. As development
goes on it can be made out from sections that the protoplasm increases in bulk
at the expense of the yolk. It also spreads out amongst the yolk spheres. At
an early stage the cell protoplasm is star-shaped, having a central somewhat
thin area in which the nucleus is situated, and around this are a number of
radiating protoplasmic processes, which are pushed in amongst the continually
increasing bulk of yolk spheres. In this manner the protoplasm comes to form a
network supporting the yolk spheres. At a comparatively early stage the ger-
minal spot becomes obliterated, and the germinal vesicle also loses its primi-
tively well-marked character. In the ripe unfertilised ovum I have not been able
to recognise the germinal vesicle. The most approved methods of staining do

I
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not bring out any differentiation in the germinal protoplasm. The latest phase of
the germinal vesicle which I have observed is represented in fig. 4.

It is here somewhat quadrangular, but irregular in outline, and from its
margin fine threads of protoplasm are seen to penetrate the yolk mass. With a
magnifying power of 700 diameters a beautiful reticular arrangement of the
fibrillse can be made out. There are distinct thickenings at the nodes, and
besides the fibrillar reticulum there are a very large number of very small
granules, which stain deeply with carmine. I have not been able to make
out the process of degeneration which the germinal vesicle probably under-
goes prior to the ovum becoming mature and ready for fertilisation.

The difference then between the ripe ovum of the herring and that of other
Teleostean fishes appears to rest in the fact, that at the time the herring ovum is
ready for impregnation the germinal protoplasm is not collected into a definite
layer. Changes in the arrangement of the egg contents therefore occur in the
herring ovum after fertilisation, which in the majority of fish ova have already
been brought about without the aid of spermatozoa.

KUPFFER also maintains that the relationship of the various parts of the ripe
unfertilised ovum remains unaltered in sea water, so long as the egg remains
unfertilised; in other words, that sea water, per se, has no influence on the
ovum. On this point BOECK and others are at variance with KUPFFER. The
experiments which I have already described* were in part devised to test this
point, and all tend to show that KUPFFER'S conclusion was justified. Others
which were conducted more recently only tend to strengthen the same view.
In the first place, the egg membrane does not separate from the yolk unless it
has previously been penetrated by spermatozoa. Whether these enter at the
micropyle only, or may force their way through the egg envelope at any part,
I have not been able to decide; but the fact remains that unless an egg is sub-
mitted to the action of spermatozoa, the egg membrane does not separate to
any appreciable degree from the yolk. In this connection reference may be
made to my experimental researches of the fertilisation of herring ova (7).
In one experiment, eggs which had remained unchanged for twenty-four hours in
sea water were submitted to the action of spermatozoa. Within an hour the egg
membrane had separated to a considerable extent from the yolk in a large
number of the eggs. Although in most cases the eggs at this time retained only
a feeble vitality, and the viscous covering of the egg membrane had become so
hardened as to offer considerable obstruction to the entrance of spermatozoa,
a breathing chamber was formed in the normal manner. It is evident, then,
that the entrance of spermatozoa is necessary before this separation can take
place. If the micropyle is an open canal, communicating freely with the
surface of the yolk, there appears no reason why water should not enter the

* Annual Report of the Fishery Board for Scotland, 1885.



FORMATION OF THE GERMINAL LAYERS IN TELEOSTEI. 205

egg through this channel. It would seem, however, on a priori grounds, that
a micropyle can be of little service in aiding fertilisation in such an egg as that
of the herring. Around the egg envelope at the time the egg leaves the ovi-
duct there is a comparatively thick layer of a viscous substance which hardens
in sea water. So long as it remains semifluid it collects at the lower pole, and
if two or more eggs are in contact, the viscous substance around each forms a
thick ring around the point of contact, and thus the whole mass is cemented
together. It follows, therefore, that the moment an egg touches any object in
its descent through the water it becomes attached to that object, and does not
again change its position during development. It seems probable that the
micropyle cannot have a fixed position in relation to the axis of the ovum, as
is the case in pelagic ova. If this supposition is justified, it follows that the
micropyle must frequently be covered by the thicker portions of the hardened
viscous layer. In any case the opening of the micropyle must be filled with
the viscous layer before this hardens, as KUPFFER has already pointed out.
Thus spermatozoa would find as much difficulty in penetrating the ovum at the
micropyle as at any other point. It has been proved by repeated experiment
that herring ova may be fertilised from twelve to twenty-four hours after they
have been placed in sea water, and by this time the viscous layer is so hard that
the ova are not easily displaced from their point of attachment. In any case,
therefore, spermatozoa are able to penetrate this hardened layer, which indeed
offers more resistance than the egg membrane itself. It has been generally
admitted that in fish ova the spermatozoa enter by the micropyle and by this
only. The presence of a viscous covering of the egg envelope in such ova as
that of the herring may modify the use of the micropyle. If the viscous
covering of the eggs of the herring and allied forms is phylogenetically of recent
origin, it may be that the changed conditions have rendered the micropyle
useless. These remarks are, however, simply offered as suggestions, a
thorough investigation of the whole subject being very desirable.

The behaviour of the germinal protoplasm during the time that a ripe
unfertilised ovum remains in sea water cannot easily be observed in the living
egg. In order to investigate this point, I have cut sections of a large number
of eggs which have remained unfertilised in sea water for a time varying from
one to forty-eight hours, and I have also examined sections of ripe ova taken
from females which had been dead some hours. As I have previously described,
the germinal protoplasm at first forms a comparatively even network between
the yolk spheres. There is, it is true, a little more protoplasm at the surface of
the yolk than towards the centre, but it must be remembered that the yolk
spheres are smaller towards the surface, and there is thus more room for the
protoplasm. This exact relationship is not long maintained in any case. There
is, however, a difference in its behaviour in the fertilised and in the unfertilised
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ovum. The immediate effect of fertilisation is that a true germinal disc is
formed, of which the protoplasm already existing in the ripe unfertilised ovum
forms only a part. Such changes never take place without the stimulating aid
of spermatozoa. Their exact nature will be described in due course; for the
present it will be sufficient to describe the behaviour of the germinal proto-
plasm in the unfertilised egg. Simply stated, the germinal protoplasm acts
as so much passive material so long as the egg remains unfertilised. It collects
very slowly to the surface, it is true, but in a very different manner to that in
which it would if fertilised. There is a gradual accumulation at the surface,
and day by day the protoplasmic network is withdrawn more and more from
the centre, but it never collects into a disc-like prominence in the unfertilised
ovum. After a week's immersion in sea water an unfertilised ovum presents
the appearance shown in fig. 5. It only differs from the recently-matured
ovum in having more protoplasm around the circumference and less towards
the centre of the egg. The protoplasmic filaments are never withdrawn to
nearly the same extent in the unfertilised as in the fertilised egg. In the
fertilised egg there are a number of branching protoplasmic filaments connecting
the germinal disc with the yolk, but in the yolk pole the protoplasm is almost
entirely withdrawn. In the unfertilised egg which has been some days in sea
water this is not the case. The protoplasm forms a comparatively even layer at
the surface of the yolk, and there is no division into animal and vegetative poles,
the protoplasmic filaments not being withdrawn more at one part than at another.

It should be pointed out that this partial collection of the germinal protoplasm
at the surface will take place whether the egg is placed in sea water or not. In
order to conduct the experiment already referred to, ripe females were kept for
a varying time in moist cloths. Sections of eggs kept under such conditions
show that the germinal protoplasm begins to collect at the surface of the yolk
soon after the egg is ripe, and that the amount of protoplasm found at the
surface is, roughly speaking, proportional to the time which has been allowed
to elapse before examination. Thus, then, sea water has nothing to do with
causing the protoplasm to collect at the surface, nor, so far as I could make
out, is this accomplished more rapidly in sea water than in the ovary itself.

Formation of the Germinal Mound.

The fact that at the time of impregnation the ovum of the herring exhibits
nothing of the nature of a germinal disc, in the ordinary sense of the word, is a
point of very great interest. In the history of the majority of fish ova, the
influence of the sperm is not necessary for a separation of the germinal disc
from the yolk, as this separation has already taken place before fertilisation.
The case of the herring is, therefore, specially interesting from the fact that this
accumulation of the germinal protoplasm at one pole can be watched under the
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microscope in the living egg. KUPFFER has made an elaborate series of inves-
tigations on the formation of the blastoderm in the herring ovum. He con-
cludes that the germinal disc is formed by the combined influence of sea water
and spermatozoa. KUPFFER'S conclusion is undoubtedly true to a certain
extent, though not exactly in the manner in which he intended it. He was of
opinion that the act of fertilisation brought about changes in the egg contents
which resulted in the separation of the germinal protoplasm from the yolk, and
the collection of this into a definite mound at the animal pole of the ovum.
Although he mentions a certain small quantity of protoplasm mixed amongst
the yolk spheres, he does not appear to have been aware that there is in the
ripe unfertilised herring ovum a considerable collection of germinal protoplasm
distributed throughout the yolk, the greater portion of which ultimately forms
the germinal disc. Nevertheless, he was correct in the sense that the germinal
protoplasm is not collected into the form of a disc until after fertilisation. On
this account it appears to me that HOFFMANN is not entirely justified in his
assertion that in the herring, as in other Teleostean fishes, the germinal layer
exists before fertilisation. As we have seen, the germinal protoplasm which
exists in the unfertilised egg must undergo a further development and growth
before a germinal layer exists, which can be compared with that existing in
most Teleostean fish ova before fertilisation. Van BAMBEKE (3) has called
attention to the same point, and has shown that in Tinea vulgaris, as well as in
the herring, the influence of spermatozoa is necessary before a true germinal
disc is formed. If the germinal protoplasm existing in the unfertilised ovum
simply collected at the surface after fertilisation, and then commenced to seg-
ment, it would be another matter. This protoplasm would then be directly
comparable with the germinal disc or germinal layer of other fishes. If by the
germinal layer is understood an amount of protoplasm which is distributed
throughout the yolk, which, as a result of fertilisation, collects at the surface,
grows at the expense of the yolk, and after a considerable increase in its bulk
begins to segment, then there is a germinal layer in the ripe unfertilised ovum
of the herring. But surely technical terms should have a definite and limited
meaning, and it is impossible to regard the germinal layer of such eggs, for
instance, as those of the Gadidce, as equivalent with the protoplasm which, in
the ripe unfertilised ovum of the herring, is distributed throughout the nutritive
yolk.

Let us glance for a moment at the structure of a pelagic Teleostean ovum.
The yolk is very transparent, and is not divided into a large number of yolk
spheres, but consists only of one large vitelline sphere, which is comparatively
homogeneous in structure. There may or may not be a special condensation of
the oily contents into definite oil globules. From the fact that the yolk con-
sists only of one large yolk sphere the outline is smooth, and there are no
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indentations of the surface of the vitelline mass as in the herring ovum. Out-
side the yolk the germinal protoplasm is collected into a distinct layer, usually
of a pale yellow tint. This layer is always sharply marked off from the yolk
at the time the ovum leaves the oviduct. As the egg floats in the water the
germinal layer collects at the lower pole, leaving only a delicate film of proto-
plasm around the upper portion of the yolk sphere. Segmentation then
commences if the egg has been fertilised. In the herring, however, the changes
are somewhat different. At a period varying from fifteen to thirty minutes
after the introduction of spermatozoa to sea water containing ripe eggs, the egg
membrane begins to leave the yolk, and by the time an hour has elapsed the
membrane has expanded to such an extent that a large cavity is formed all
around the vitelline mass. This cavity is filled with water, which probably
contains a portion of the egg contents in solution. The accompanying table
shows the increase in the size of the egg after inception of water. The first
two items are the measurements given by KUPFFER, and may be taken as a
type of the eggs of the Baltic herring. The others are measurements of the
eggs of herring taken from the Ballantrae Banks, off the Ayrshire coast.

1
2

3
4
5
6
7

Diameter
of

unfertilised
egg-

•92 mm.
l"0 mm.

1-194 mm.

( average
f1-1759 mm.

Diameter
of yolk
after

1 hour.

1-147 mm.

} -

Diameter of
egg capsule

after
1 hour.

1-486 mm.

Diameter when breathing chamber is complete.

Yolk.

Greatest
diameter.

•85 mm.
•97 mm.

1-298 mm.

Diameter
at right
angles.

•82 mm.
•92 mm.

1-204 mm.

Egg capsule.

Greatest
diameter.

1*2 mm.
1-29 mm.

| 1-768 mm.
| (after 5 hours)
f 1-599 mm.
J 1-599 mm.
1 1-599 mm.
[ 1-542 mm.

Diameter at
right angles.

(after 45 min.)
( » )
( 1-65 mm.
( (after 5 hrs.)
f 1-580 mm.
J 1-486 mm.
1 1-448 mm.
[ 1-430 mm.

The eggs with which KUPFFER experimented were smaller than those from
Ballantrae, but even taking this into account, it will be seen that the latter
have proportionately a considerably greater diameter after the breathing chamber
is formed. KUPFFER'S measurements were made forty-five minutes after fer-
tilisation, and he does not state whether any further increase in the diameter
of the egg capsule was noticed at a later period. In the measurements which are
given for comparison, it will be seen that in example No. 3 the egg capsule
measured 1*486 mm. one hour after fertilisation. At this stage both yolk and
egg capsule were comparatively globular. At this stage the germinal proto-
plasm had collected to a considerable extent to the surface of the yolk, but was
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fairly evenly distributed around it. The later measurements are taken at a
stage when the germinal protoplasm has collected into the form of a mound at
the animal pole of the ovum. The greatest diameter therefore passes through the
axis of the ovum at this stage. Whether the measurement 1-29 mm. represents
the largest diameter which is reached by the eggs of the Baltic herring I cannot
say, but it is probable that if there had been any further increase KUPFFER

would have noted it. The early period at which this diameter was reached is
probably to be attributed to the temperature at which the experiments were
conducted. The temperature of the water during my experiments at the
Rothesay Aquarium varied between 40° and 42° F.; whereas it is probable the
temperature was considerably over 55° F. during KUPFFER'S experiments, as
his embryos hatched out on the seventh day. Dr MEYER (22) has shown that
young herring hatch out on the tenth or eleventh day at a temperature between
51O<8 and 53°-6 F.; whereas at 32° F. the earliest embryos do not hatch until
the forty-seventh day. As the egg membrane leaves the yolk the surface of
the latter can be more easily studied. It is then seen that the " yolk granules "
on the surface are rapidly disappearing. KUPFFER says they are dissolved.
However this may be, neighbouring " yolk granules" may be seen to run
together and flatten out into a thin pellicle, which soon becomes indistin-
guishable, with the large yolk spheres for a background. They behave, in fact,
very much like the small droplets of an oily nature which are found on the
surface of the egg of the cod before fertilisation. Whether the "yolk granules "
are really oil globules, or only yolk material richer in oil than the larger spheres,
I cannot say, but their behaviour would seem to support the former supposi-
tion. KUPFFER next describes a series of clear vacuoles which arise at the
surface of the yolk as transparent spots. These increase rapidly in size, and
are pushed forward towards the centre of the yolk as a network of fine tubes.
With the appearance of the clear vacuoles the germinal protoplasm begins to
collect on the surface of the yolk. I have never been able to observe the
vacuoles which KUPFFER describes, although I have searched for them
repeatedly. With the act of fertilisation an activity is set up in the germinal
protoplasm which causes it to collect rapidly on the surface of the yolk. Very
early in this process the outer yolk spheres are a little wider apart than those
towards the centre, and the protoplasm as it collects fills up the spaces between
them. A little later the protoplasm is almost entirely withdrawn from the
centre of the yolk, and there is then a thin layer of protoplasm on the surface,
with a number of branching root-like processes extending some distance into
the yolk. It is, I think, this collecting protoplasm which KUPFFER has
mistaken for vacuoles and his series of coarse tubes. In sections of the egg
about this stage which have been mounted unstained the germinal protoplasm
is very transparent, whereas the yolk spheres are quite granular and of a
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yellowish tint. The appearance in the living egg is thus explained. The
transparent portions between the yolk spheres are not vacuoles, and a system
of tubes pushed down into the yolk, but the channels by which the germinal
protoplasm (of which KUPFFER had no cognisance) makes its way to the
surface. An hour after fertilisation (at 41° F.) a considerable quantity of the
germinal protoplasm has collected at the surface of the yolk, and forms a
distinct layer, varying from "0188 to #0564 mm. in thickness. At first this is
quite clear and homogeneous, but soon fine granules make their appearance,
and the whole layer becomes darker in tone.

From the moment that a layer of protoplasm has collected at the surface,
an interesting series of phenomena is commenced, which is only terminated
when the whole of the nutritive yolk has been consumed. The germinal pro-
toplasm begins to grow at the expense of the yolk. Large masses of yolk are
incorporated within the substance of the protoplasm and digested there.
During this time the protoplasm is in constant motion, and flows slowly in
thicker and thinner waves around the yolk. These phenomena are not new, but
form part of a process which has frequently been described in connection with
the parablast. They are, however, more marked and easily followed in the
herring than in any other form with which I am acquainted. The process is
one of intracellvlar digestion, and at a later stage probably forms an important
mode in which the food yolk is used up in most meroblastic ova. The im-
portant point to be noted for the present is, that in the herring the yolk is
partly consumed to form the germinal disc itself. KUPFFER supposed that
nearly the whole of the germinal disc was formed in this manner, but it is
probable that he had not studied sections of the egg in the earliest stages of
development. He says, to begin with, that the formative yolk appears as a
continuous superficial layer. It has already been seen that this is not so.
When the greater portion of the germinal protoplasm has collected at the
surface of the yolk, the appearance in an optical section of the living egg is no
doubt as KUPFFER describes. Optical sections are, however, very misleading,
and should only be used in helping to explain the appearance shown in actual
section. A little experience may teach one how to interpret optical sections,
but this experience can only be obtained from a study of actual sections of
the egg.

Fig. 6 represents an optical section of the living egg of the herring an
hour after fecundation. The germinal protoplasm is seen as a continuous
superficial layer, which is considerably thicker at one side. The protoplasm is
filled with fine and larger granules, and a number of small clear vesicles may
also be made out under a moderately high power. The superficial layer of
" yolk granules " has entirely disappeared, and the yolk now consists of a mass
of large yolk spheres, which appear to be evenly distributed throughout. A
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careful examination of the peripheral row of yolk spheres shows that as yet
there is little irregularity in their size and position. So much for the appear-
ances presented by an optical section; let us now turn our attention to a
stained section of the same stage. Such a section is represented in fig. 7.
Remembering the structure of the ripe unfertilised ovum, it is easy to see now
that the germinal disc is in process of formation. The protoplasm in collecting
towards the surface has followed certain channels between the yolk spheres.
There is still, however, a considerable portion of the protoplasm mixed amongst
the yolk in the form of branching processes communicating with the surface
layer. These processes vary in thickness, and also in their number and distri-
bution in different parts of the circumference. Towards the germinal pole they
are stronger, and penetrate further into the yolk than at any other point. In
the yolk pole the filaments rarely penetrate beyond the second row of yolk
spheres. The protoplasm is seen to be highly granular, and also to contain a
number of small masses of yolk. It will thus be seen that the true relation of
protoplasm to food yolk cannot be made out in optical section.

The appearance of granules in the protoplasm is the first sign of an active
vegetative period in the history of the germinal protoplasm. In the section
under consideration the digestive process has only just commenced, so that it
may be better studied at a little later stage. Fig. 8 represents a section of an
egg five hours after fertilisation, and at a time when the germinal protoplasm
has almost entirely collected towards the germinal pole. Large masses of yolk
are seen to be entangled in the protoplasmic processes, and throughout the
germinal disc itself there are a number of yolk masses varying in size. At this
stage great activity is manifested by the protoplasm immediately adjoining the
yolk, and, as already stated, the whole mass of the germinal protoplasm has an
undulating movement. In the living egg it frequently happens that there is a
large temporary collection of the germinal protoplasm at the yolk pole. This
has been termed the Gegenhugel by KUPFFER. Sometimes this accumulation
is so large that it may easily be mistaken for the true germinal area.

At this stage KUPFFER describes an appearance in the living egg, which is
intimately connected with the growth of the germinal disc. He says that
when the germinal protoplasm forms a distinct layer on the surface of the yolk,
the surface vacuoles disappear, and there remains only one or a pair of large
lacunce in the centre, which are often continued towards the flat base of the
germinal disc by a stalk. These have much in common with the latebra of
the hen's egg. According to KUPFFER, these lacunce are not to be considered
as distinct caverns, but as transition areas [Schmelzung sheer de) in which the
globular yolk masses are transformed into a more clear and uniform mass.
These, he maintains, are to be found till the end of development. RYDER sug-
gests that the lacunae, as described by KUPFFER, do not normally exist, but that
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they are produced by the hardening reagents used in preserving the ova. Such,
however, is not the explanation. It is in the living egg that such an appear-
ance is seen (see fig. 9) before any reagents have been used. There are no
such lacunae to be found in sections of hardened material. The appearance, I
think, admits of a similar explanation to that which has been given for the
"vacuoles," of which it is supposed to be the remnant. The base of the ger-
minal disc is not flat, as was supposed by KUPFFER. There are proceeding
from it a number of broad but tapering strands of protoplasm, which form the
means of communication between the germinal disc and the yolk. In this
region the mixture of yolk and protoplasm is more transparent than the more
solid yolk mass, and thus in optical section appears as a cavity. The peculiar
shape of these so-called lacunas appears to be altered by hardening agents, as
I have never in section met with such flask-shaped masses as are seen in
the living egg. Later, as the protoplasmic filaments are withdrawn, the central
mass of yolk spheres lose their rounded outline, and appear to fuse together;
whereas the more peripheral ones retain their primitive form, being always
more or less surrounded with protoplasm. Thus, again, in these later stages
the central portion appears more transparent than the peripheral zone.
KUPFFER'S interpretation also requires modification in another respect. One
is led to conclude from his remarks that the yolk is directly transformed into
protoplasm in the " transition area " already spoken of. This is not really the
case. The yolk only becomes available for the use of the blastoderm after it
has been assimilated and digested by the existing protoplasm. While the
germinal disc is in progress of formation, its somewhat conical and ill-defined
base is actively engaged in this process of assimilation. In the base of the
disc large masses of food yolk may be seen entangled between the branching
filaments, and these get smaller and smaller as they are pushed farther away
from the active area.

It is important to note that at the time the upper portion of the disc is
ready for segmentation the lower portion is still actively fulfilling a vegetative
function.

It thus comes about that both KUPFFER and HOFFMANN were partly correct
in their conceptions of the germinal disc, but, according to my view, neither of
them were entirely so. It is by a union of both ideas that a true compre-
hension of the question is obtained.

The egg of the herring has now reached a stage when it is comparable with
those of other fishes. Indeed, so nearly does it approach to WALDEYER'S (26)
ideal of a meroblastic ovum that it might very well have served as his type.
Before the first furrow appears the egg is made up as follows :—

1. Of a large collection of protoplasm in the germinal area in which segmen-
tation subsequently commences.
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2. Of a thin film of cortical protoplasm entirely surrounding the yolk, and
which frequently presents a considerable dilatation at the yolk pole.

3. Of a number of filamentous protoplasmic processes, mainly confined to
the base of the germinal area, which serve to keep up a communication
between the latter and the more purely nutritive yolk.

4. Of the nutritive yolk itself, which constitutes the greater portion of the
ovum.

Thus it will be seen that the egg of the herring fulfils all the conditions of
WALDEYER'S typical meroblastic ovum. The rdle played by these constituent
parts in the economy of the embryo is very marked. The part played by the
cortical protoplasm, and the root-like filaments, is particularly well brought out
in the herring. A discussion of the whole subject will, however, be deferred
until we consider the origin and growth of the pardblast. Shortly before the
appearance of the first furrow the disc as seen in optical section has a diameter
of "84 mm., and is "28 mm. in thickness. On account of the collection of the
germinal protoplasm at one pole the egg loses its previously rounded outline,
and has now a diameter of 1*60 mm. in its longer axis, and 1*48 mm. in a
direction at right angles to this.

Segmentation.

The appearance and behaviour of the first segmentation nucleus in the fish
ovum has not been satisfactorily explained. HOFFMANN (14), indeed, has
figured in a very diagrammatic manner the appearance and position of this
nucleus when it first divides; but so far as I am aware his observations have
not been confirmed, nor have they received any support from the work of recent
investigators. In the case of the herring I have used the most approved
methods of fixing and staining the material, but have as yet failed to observe a
nucleus of any kind until after the third furrow has been formed. The gradual
disappearance of the germinal vesicle in the ovum as it approaches maturity
has been already alluded to. Judging from analogy, a portion of the germinal
vesicle must remain as the female pronucleus. Having failed to demonstrate
this as a defined and recognisable mass, it appears necessary to assume that it
is distributed throughout the germinal protoplasm. I am not prepared to prove
this view, which undoubtedly is not in harmony with our information in other
cases, but it receives considerable support from a knowledge of the behaviour of
the germinal protoplasm during the early segmentation stages. At the time of
the appearance of the first furrow I have not succeeded in demonstrating a
nucleus either in the living egg or in prepared material. It has thus been
impossible to test the statements of KUPFFER and HOFFMANN as to the direc-
tion of the first plane of cleavage from actual observations of the nucleus, or of
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any trace of karyokinetic figure. So far as the herring is concerned, other
phases of the process may be followed, which give a clue not only to the
direction of the early planes of cleavage, but also show in a most decided
manner the true nature and mode of origin of the two primary germinal areas
—the archiblast and parablast.

According to KUPFFER, the first furrow is meridianal in direction—that is,
in the direction of the axis of the egg. The second is equatorial, and with the
completion of this the germinal area is divided into archiblast and parablast.
The third furrow is meridianal, but at right angles to the first, and after this
the segmentation proceeds in the usual way.

HOFFMANN, on the other hand, maintains that in the fish ovum the first
segmentation furrow takes an equatorial direction, so that instead of the first
cleavage process resulting in the formation of two segmentation spheres, the
germinal area is divided into two layers corresponding to the archiblast and
parablast, each of which contains half of the original segmentation nucleus.
According to this arrangement, the parablast is given an equal value with the
archiblast at the outset, and yet HOFFMANN denies that it takes any part in the
formation of the tissues of the embryo.

The majority of observers have not described an equatorial furrow in the
Teleostean fish ovum until a considerably later stage, and it has been generally
accepted that there is no furrow in the fish ovum which is equivalent to the
first equatorial furrow (the third of the series) in the amphibian ovum.

AGASSIZ and WHITMAN (1) differ from other investigators in attributing the
whole of the germinal protoplasm in the first instance to the archiblast, and
derive the nuclei of the parablast from the archiblast as secondary products
which are derived from its marginal cells.

From my own investigations, I conclude that in the herring, as in so many
other forms, the first furrow which takes an equatorial direction is the third
of the seines. This furrow is therefore comparable with the third furrow in the
amphibian ovum.

After the protoplasm in the germinal area has increased considerably in
bulk at the expense of the yolk, there is usually a comparatively quiescent
period. During this stage a part of the germinal protoplasm collects at the
yolk pole, and there forms a small mound. As soon, however, as the first traces
of a furrow are to be seen this mound gradually disappears, and the protoplasm
of which it was formed slowly travels along the surface of the yolk to join in
the approaching period of activity in the germinal area. There remains, how-
ever, a thin film of protoplasm around the yolk both in this and in later stages.
This does not form a flat layer, but is seen in section to follow the outline of
the yolk spheres, and frequently to fill in the spaces between them.

The surface of the germinal protoplasm, which has hitherto been much
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arched, commences to flatten towards the centre. As a result of this flattening,
a vertical furrow is slowly pushed down towards the surface of the yolk, as
seen in optical section, but stops short some distance above the latter. A study
of stained sections of this stage shows several points which cannot be made
out in the living egg. The upper portion of the germinal area contains very
little food yolk, but between this and the main body of the yolk material there
is a somewhat triangular area containing a larger quantity of yolk imbedded in
the protoplasm, and from the base of which the protoplasmic processes are
pushed down into the yolk. This area is actively engaged in assimilating food
material, and is crowded with particles of yolk. At the time, therefore, that
the upper and older portion of the germinal area is ready for segmentation, the
material included in the lower portion adjoining the yolk is not so far advanced.
It is one of the recognised laws of segmentation that the rapidity with which
any part of an ovum segments varies, ceteris paribus, with the relative amount
of protoplasm it contains. The protoplasm in this vegetative portion of the
germinal area contains as yet too much undigested yolk for it to take part in
the segmentation process. Thus the first furrow progresses more slowly as it
approaches this area, and for the time being is arrested before it has reached
the base of the germinal disc. Another point is also shown in sections of this
stage, which will be considered more fully at a later period, but which should
be mentioned here. The first furrow is not a continuous plane of cleavage in
the first instance. There are in the line of cleavage a series of small vacuoles,
which, as they become more elongated, run together, and so form a considerable
portion of the furrow. Thus the first two segmentation spheres are in part
separated by a process of vacuolation. The first two segmentation spheres
become entirely separated from one another at their upper poles, the series of
vacuoles aiding considerably in this process. The germinal area is thus divided
into two portions, which are completely separated above, but which are united
at the base, the first furrow not having completely penetrated to the base.

After the first furrow has been formed, a comparatively quiescent stage
follows, during which a part of the germinal protoplasm again collects in a
mound at the yolk pole. This is not an accidental occurrence, but has been
already observed by KUPFFER, and I have had frequent opportunities of
observing this process. During this quiescent period it is usual for a nucleus
to make its appearance towards the centre of each segmentation sphere in
pelagic fish ova. Such nuclei in the living ovum have the appearance of a
more transparent area, usually distinctly marked off from the surrounding
protoplasm. They usually disappear again before the next active stage begins,
again to reappear during the following quiescent period. I have not observed
such nuclei in the living egg of the herring at this stage, nor have I been
able to make them out in stained preparations.

VOL. XXXIII. PART I. 2 Q
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The formation of the second meridianal furrow is merely a repetition of
what has been described for the first. The protoplasm at the yolk pole again
joins that in the germinal area, and a second furrow is formed at right angles
to the first. This second furrow, like the first, does not quite reach the base
of the germinal protoplasm. When the first two furrows are completed, the
protoplasm in the germinal area is imperfectly divided into four segments,
which are not defined at the base. There is again a quiescent stage during
which a small thickening of germinal protoplasm is again to be seen at the
yolk pole.

The next furrow is equatorial in direction, and simply completes the
contour of the four existing segmentation spheres. Before this can be formed,
the protoplasm through which it will pass must have so far completed its
process of assimilation as to allow segmentation to proceed. Shortly before
the equatorial furrow commences, the protoplasm at the yolk pole again joins
that in the germinal area, and the furrow is then formed very slowly, and
is at first indistinct. It is situated towards the base of the germinal area,
and with its completion there are formed four segmentation spheres, which
are now isolated from the yolk. Below the furrow a small portion of the
germinal protoplasm remains, part of which forms branching processes into the
yolk immediately below the segmented portion, and the remainder becomes
distributed around the yolk mass.

There is thus set up a division into two distinct layers, the archiblast and
parablast. The archiblast is cut off from further direct communication with the
yolk, and goes on segmenting. The parablast comprises that portion of the
germinal protoplasm which is not included in the archiblast, and which
remains as a connecting area between the latter and the yolk. For the time
being it remains comparatively inactive, but later has a very important part
to play.

The time occupied by all these changes is about 9^ hours, at a temperature
of 41° to 44° F. There is a slight variation in the rapidity with which the
various eggs develop, which becomes more marked as development proceeds.
The following table shows the details of the process :—

Commencement of 1st furrow, 6£ hours after impregnation.
Completion „ 6f hours „
Commencement of 2nd furrow, 7f hours „
Completion „ 8J hours „
Commencement of 3rd furrow, 9J hours „
Completion „ 9 | hours

It will be noticed that in each case there is an hour's interval between the
completion of one furrow and the commencement of the next. According to
KUPFFER'S observations, the first furrow commences about two hours after
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impregnation. He does not, however, state the temperature at which the
observations were made, but I gather from remarks in another portion of the
paper that this was probably between 60°"8 and 640-4 F.

The influence of temperature on the rate of development of fish ova is
very great, and has been already studied by MEYER in the case of the herring.
The sensibility of the ova of the herring to a change of temperature is almost
as marked as that of pelagic fish ova. There can be no doubt, however, that
under natural conditions the eggs of the herring are not so liable to sudden
changes of temperature as are those which float at or near the surface of the
sea. The range of temperature at which the eggs of the herring will develop
normally is much wider than is the case for the eggs- of the Salinonidse.

On the completion of the four-cell stage—that is, after the formation of the
third furrow—the segmented disc measured in one case "9407 mm. in diameter,
and -3198 mm. in thickness; in another egg the measurements were *9595
mm. and "2822 mm. respectively. After the furrows are completed, the
individual cells separate more or less from one another. This is accomplished
in the following manner:—The adjacent cells begin to separate at the outer
limit of the furrow between them, and at the same time a similar process
commences at the inner extremity of the same furrow. Thus, at the point
where the two furrows cross one another, there is a space formed, owing to
the protoplasm receding somewhat from the former point of contact. In this
respect the segmenting disc of the herring ovum presents a very different
appearance from that which is seen in many other fish ova, for instance those
of the Salmonidse. Such an arrangement is of frequent occurrence amongst
the Invertebrata, and is there connected with the formation of the segmenta-
tion cavity. In the herring the segmentation cavity arises at a much later
stage, and has no connection with this structure, which, indeed, is here
only a temporary one. As the cells become more completely separated, the
central cavity is lost. This mode of separation of the cells in the early
segmentation stages is not confined to the herring amongst fishes. A similar
phase is found in the ova of Perca, Leudscus, and other forms. In the species
which show this partial separation of the early segmentation spheres, the
cells at a later stage are always loosely aggregated together. On the other
hand, in the group of which Salmo may be taken as the type, the cells are
never so completely separated from one another, and there is almost an
entire absence of those large spaces between the cells during the segmentation
stage, which are of such common occurrence in the herring ovum. In this
respect Salmo approaches more nearly to the Elasmobranch type, and the
difference is probably connected with the distribution of food yolk.

Under normal conditions the separation of the four cells is never complete
in the herring ovum. They present the appearance of four conical mounds
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united towards the base. I have seen similar effects in the eggs of the
Gadidce, but these, I think, have been caused by too great an elevation of
temperature. In such cases the separation may become complete, when develop-
ment is at once arrested, and the egg dies.

Returning now to the position held by KUPFFER, it will, I think, be seen
that he must have been mistaken in the order of segmentation. It is only
fair to state that his opinion, that the second furrow takes an equatorial
direction, was founded on an observation of the process in the pike, and not
in the herring. He concludes, however, that the early phases of segmentation
are identical in both species. If the second furrow is equatorial in direction,
why should the cortical protoplasm flow forwards from the yolk pole to the
germinal area when the third furrow is about to be formed ? If there is an
equatorial furrow already in existence, the upper portion of the germinal
area which it defines must be cut off from communication with the lower
part, and with the yolk. That this is not the case is shown by the fact
that after the formation of each of the first three furrows, the cortical proto-
plasm diminishes in quantity. There is a further point. The cortical proto-
plasm flows from the yolk pole to the germinal area, and becomes a part of
the latter during each of the first three segmentation stages. After this the
remaining cortical protoplasm, which has very much decreased in bulk, does
not again flow towards the germinal disc, until the latter consists of a mulberry
mass of cells, and awaits the co-operation of the parablast. The cortical
protoplasm continues to exist, and indeed to increase in bulk, but it is
evident it can no longer take part in the segmentation of that portion of
the germinal area which has been cut off from communication with it by
the formation of an equatorial furrow. Nevertheless, it has a very important
part to play.

The same arguments may be brought against the assertion of HOFFMANN,

that theirs/ furrow takes an equatorial direction in the fish ovum. HOFFMANN

appears very certain about his interpretation, and gives a figure in which the
nucleus is situated towards the base of the germinal disc, and in which the
elongation of the nucleus during karyokinetic division takes a vertical direction.
The plane of division is therefore at right angles to the nuclear axis, so
that an equatorial furrow is formed.

It would not be just to deny the accuracy of such observations from a
study of different material. HOFFMANN'S investigations were made on Julis, &c,
and mine on the herring. It is possible that a difference in species may
allow of a difference in the order of development. All I can say is, that
in the herring neither the first nor the second furrow takes an equatorial
direction, according to my own interpretation of the process. If either of them
did, the whole plan of development would, to my mind, be changed.
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Having concluded that the third furrow takes an equatorial direction in
the herring ovum, it will be well to reflect on the significance of this fact. The
main portion of the germinal protoplasm, which constitutes the archiblast,
forms the animal pole of the egg, while the yolk, together with the residual
protoplasm, is to be regarded as the vegetative pole. The animal pole at this
stage consists of four segments or cells, while the whole of the vegetative pole
has the value of one cell. The whole of the vegetative area may be compared to
a gigantic fat cell in which the fat is replaced by food yolk. The function of
the cortical protoplasm is to digest and absorb the food material as fresh
nourishment is required by the growing organism. Having once grasped the
significance of this point, the interpretation of future developmental phases does
not present much difficulty.

The ovum of an amphibian is holoblastic, while that of the herring is mero-
blastic, yet this difference in the mechanical division of the ovum does not pre-
vent a comparison of the two types. In an amphibian ovum, such as that of
Rana, the majority of the germinal protoplasm has collected in the animal pole
by the time that the first equatorial furrow is formed. The same is the case in
the herring ovum. In Rana the vegetative pole consists at first of four large
segments, which contain the greater portion of the yolk material, but which are
also supplied with a considerable amount of protoplasm. The fact that at this
stage the vegetative area consists of four segments instead of one, shows that
the proportion of yolk to protoplasm is not so great, as to entirely prevent the
segmentation process from progressing. The proportion, indeed, is such that,
in accordance with the law of segmentation, the division of the vegetative area
is slower, and the resulting segments are larger, than is the case in the animal
pole. It is also important to note, whilst making this comparison, that the
protoplasm in the vegetative area of the amphibian ovum is not collected in any
particular part, but that it is generally distributed throughout each segment.
The same is the case with the yolk material. With further subdivision, there-
fore, each cell in the yolk pole consists partly of yolk and partly of proto-
plasm.

Thus each cell carries its food supply along with it. Such is not the case
in the herring ovum, and it is this fact which constitutes the essential difference
between the two types. The food yolk in the herring ovum does not segment.
This absence of segmentation in the yolk of fishes arises from two causes—
viz., the overwhelming preponderance of food yolk, and the absence of a suffi-
cient quantity of protoplasm distributed through it. In the herring ovum the
protoplasm in the yolk pole consists of a comparatively thin cortical layer, with
a few branching processes pressing into the food material, which are almost
entirely confined to that portion of the vegetative area on which the archiblast
rests. From the nature of this distribution, the food supply cannot be assimi-

J



220 MR GEORGE BROOK ON THE

lated in the same manner in the herring as it is in the amphibian ovum. In
the herring the food yolk must be digested before it can be available as nourish-
ment for the embryo. Had the separation of protoplasm from yolk been com-
plete this end could not have been accomplished. It is therefore the function
of the residual protoplasm in the yolk pole to make the food supply available for
the use of the embryo. This is accomplished by a process which is essentially
one of intracellular digestion, since the protoplasm in the yolk pole must be
regarded as having the value of a cell, and is dwectly derived from the germinal
area. The cortical protoplasm incorporates a portion of the yolk material
within its substance, digests it, and thus adds to its bulk. A store of available
material is thus laid up, which is utilised as occasion requires. It thus appears
that the food yolk of the herring ovum is more nearly comparable in its manner
of assimilation with the albuminous food supply of Lumbricus and some insects,
than with the food yolk of the amphibian ovum. Nevertheless the yolk pole
in the herring ovum has the same morphological value as that of the amphi-
bian ovum, and it is mainly owing to the difference in distribution of the
constituent parts that their subsequent behaviour is not identical. How far
the tissues derived from each pole are identical in the two cases will be
considered later.

Although I am firmly convinced that in the herring ovum the third furrow
is an equatorial one, I am not at present prepared to assert that this is the case
in all fish ova. Nevertheless, it appears to me probable that an equatorial
furrow will ultimately be shown to exist in all Teleostean ova at an earlier stage
than has generally been supposed.

To take the case of pelagic ova. In a paper on the development of Trachinus
vipera (5) I have described the first furrow, which takes an equatorial direc-
tion, to be the fifth of the series, and to be formed in the four central cells of
the 16-cell stage when the 32-cell stage is being produced. I am now, however,
inclined to think that I have neglected to observe one furrow altogether—that,
namely, which divides archiblast from parablast. At the time the ovum is
fertilised the yolk consists of one large yolk sphere and not of a number of
small ones, as is the case in the herring ovum. There is also no appreciable
increase in the quantity of germinal protoplasm after the egg is fertilised. The
germinal protoplasm in the ripe unfertilised ovum consists of an even layer
entirely surrounding the yolk. As the circumference of the yolk sphere is
quite smooth, the line of demarcation between protoplasm and yolk is well
marked. After fertilisation the bulk of the germinal protoplasm sinks to the
lower pole of the ovum to form the germinal disc. A thin film of protoplasm
is, however, still left surrounding the yolk, and this gets thicker towards the
germinal area. The first furrow appears as a longitudinal depression across the
centre of the circular disc, and is pushed down towards the yolk. A little later
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each end of the furrow becomes forked. The forked extremities then grow
round, so that the two on each side meet. Two cells are thus formed, whose
outline is very distinct in the region of the original longitudinal furrow, but gets
more and more indistinct towards the periphery of the disc. The two cells thus
formed do not enclose the whole of the protoplasm in the germinal area. The
protoplasm at this stage has a yellowish tinge, and in the living egg the faint
yellow shade can be seen to extend outside the limits of the two segmentation
spheres (see figs. 1-4, loc. cit.). By another vertical furrow at right angles to
the first the germinal disc becomes divided into four cells. It will be remem-
bered that in the herring the first equatorial furrow simply completes the base
of the four existing segmentation spheres, and that with the completion of this
furrow there is a division into archiblast and parablast. In pelagic fish ova,
however, the germinal disc rests directly on the yolk sphere, there being no
intermediate area which is actively engaged in assimilation at this stage. Thus
the base of the early segmentation spheres is not easily recognised. Only in
that portion of the germinal disc which rests on the cortical protoplasm, and
not on the yolk, could any such furrow be made out. There is, however, reason
to suppose that the base of the first two segmentation spheres is not defined,
and that even the lateral line marking their periphery does not reach the yolk at
this stage, from the fact that the two cells increase considerably in size after
their outline has been defined. At the completion of the 4-cell stage the
segmented disc is undoubtedly divided off from the cortical protoplasm, and
there is a division into archiblast and parablast, as in the herring ovum.
Whether the furrow (or equivalent of a furrow) which brought about this
separation was formed before or after the second meridianal furrow, I cannot
say definitely at present. Whichever be the case, it is clear that this furrow is
homologous with the third furrow in the herring ovum, and also with the third
in the amphibian ovum. In the case of the Salmonida?, it appears to me also
that the point which in reality corresponds with the first equatorial furrow in
the amphibian ovum is reached at the 4-cell stage. When the base of these
four cells comes to be defined there is still left a cortical layer of protoplasm,
and a small quantity also mixed up with the yolk under the disc, as is the case
in the herring ovum.

From what has been already said, it will be seen that I conceive the term
Archiblast to be applicable to that portion of the ovum which is usually spoken
of as the germinal disc—that portion, namely, which is included in the early
segmentation stages. It is for this reason that I have preferred to use the
term germinal area in describing all changes in the herring ovum prior to the
completion of the k-cell stage. The later stages of the segmentation process do
not present any features of special interest. A stage in which the germinal
disc consists of three rows of cells is shown in fig. 10. About 26 hours after
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fertilisation a morula mass of cells has been produced, which is represented in
fig. 12. It will be seen from the figure that the cells of the archiblast have
already become differentiated into two well-marked groups. The outer row of
cells are elongated and flattened, forming an epithelioid layer, whereas the
remainder are comparatively large round cells, which are only loosely aggre-
gated together. During the time that segmentation has been progressing in
the archiblast the cortical protoplasm has increased considerably in bulk. In
sections it may be seen that this layer gradually forms a thickening at the yolk
pole. When the morula stage is reached the cortical protoplasm leaves the
yolk pole, and gradually collects around and under the segmented disc. Even
at a considerably earlier stage the cortical protoplasm may be seen to be
accumulating towards the disc (see fig. 13, PI. XIV.); but after the morula stage
is reached there is no longer any protoplasm to be observed at the yolk pole in
the, living egg. In stained sections there is always a thin film of protoplasm to
be seen around the yolk spheres, and this is increased from time to time by the
assimilation of more yolk.

The collection of unsegmented protoplasm will be spoken of as the parablast.
As will be seen later, the part played by what I term archiblast and parablast
in the herring ovum is not identical with that which has been described by His
and others in other forms, but I conceive the same terms to be applicable.

The Part played by the Parablast.

Historical.—The mode of origin of the parablast, and the part which it
plays in the economy of the embryo, has during the past few years been one of
the most keenly contested problems in this branch of embryology. In 1868
His brought forward his well-known theory as to the development of the tissues
in meroblastic ova (12). He held that in the chick the whole of the tissues of
the future embryo were not derived from the three-layered blastoderm. That
the blood and connective tissue series of structures arise independently of the
segmented disc, and take their origin from the white yolk substance imme-
diately underlying the blastoderm and outside the embryonic area. In their
mode of origin the former set of tissues are known as archiblastic, and the
latter as parablastic. According to His, the nuclei of the parablastic cells
are derived from the white yolk spheres, which themselves have the value of
cells. The segmented disc supplies the material for the three germinal layers,
and the cells from the parablast find their way in between the cells of these
layers. In the same year KUPFFER (18) described in Teleostean fish ova a layer
of protoplasm outside the germinal disc, in which, at the close of segmentation,
concentric rows of free nuclei make their appearance. His investigations were
made on Gasterosteus aculeatus, and other forms, and the following short
extracts from his paper show the position taken up at the time :—" Man sieht
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rings urn den Eand des Keimhugels Kerne auftreten, die in ganz
regelmassiger Weise angeordnet sind. Es sind wasserklare, runde Blaschen,
ohne irgend welche Kornchen im Innern, die in concentrischen Kreislinien, auf
das Centrum des Keimhugels bezogen, sich gruppiren." " Man sieht namlich
zwischen den blaschenartigen Kernen zarte Contouren auftreten, die genau an
einander schliessende polygonale Felder umgrenzen, deren Mittelpuncte die
Kerne einnehmen. Kurz es entsteht eine Lage eines regelmassigen, aus
hexagonalen Zellen gebildeten Platten-epitheliums." " Unter den sich
furchenden Keime ein besonderes Blatt sich bikle, das nicht aus den Fur-
chungszellen herzuleiten ist, denn die Zellen desselben entstehen frei in einer
den Dotter bekleidenden diinnen Blastemschicht, indem als Erstes die Kei'ne
derselben erscheinen." " Ob dieses Blatt wirklich zum Darmdriisenblatt wird,
muss dahingestellt bleiben, vielleicht ist es nur eine voriibergehende Bildung,
was aber wohl unwahrscheinlich."

So far as I am aware, this is the first clear account of a nucleated zone of
protoplasm outside the segmented disc in Teleostean fish ovum. It is true that
at an earlier date LEREBOULLET (21) observed a similar layer of cells in the
egg of the pike, which he concluded was transformed into the lowest
germinal layer. He was, however, of opinion that the cells were derived
from small yolk spheres (globules vitellins), and failed to recognise the inde-
pendent formation of the nuclei, which by KUPFFER were ascribed to " free cell
formation."

So far as the Teleostei are concerned, the existence of this layer has since
been thoroughly established. The points on which more recent investigators
differ are firstly—the source from which the nuclei in this layer are derived;
and secondly, the ultimate fate of the cells derived from it.

Ten years ago KLEIN (16) made an important contribution to the subject,
and reviewed the position taken up by earlier authors. This author concluded,
from a study of the early stages of the trout, that besides the blastoderm
proper, it is necessary to study closely the behaviour of the subgerminal and
paragerminal substance, which " bears at all stages of development an im-
portant genetic relation to the blastoderm and the embryo." KLEIN calls the
segmented portion of the blastoderm archiblast, and the unsegmented portion
in connection with the yolk is the parablast. I have followed KLEIN'S nomen-
clature in the present paper, although, as already pointed out, the terms are not
used in the sense originally applied to them by His. The parablast layer was
first correctly noted by OELLACHER (23), who described it as continuous with
the germinal disc in early stages, but mistook it for a vitelline membrane.
KLEIN restricts the term parablast to the thickened welt of protoplasm, having
a somewhat triangular section which forms a rim round the segmented blasto-
derm in early stages. Van BAMBEKE (3) has described a similar layer in
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Leuciscus, under the name of the " couche interme'diaire." KLEIN and Van
BAMBEKE differ considerably in their accounts of the early shape and position
of this layer, but it seems probable that both authors are correct so far as the
species studied is concerned, and that the parablast varies in position in
different species and at different stages of development. KLEIN thus describes
the appearance of nuclei in the parablast:—"Searching carefully through
the parablast with a moderately high power (Hartnack's No. 8) we detect
numerous isolated, small, transparent bodies, very faintly outlined, so as to
be rendered just perceptible; between these and distinct nuclei all inter-
mediate forms may be met with as regards general aspect, outline, and size. This
obviously means new formation of nuclei. It therefore stands to reason to
assume that, inasmuch as at a period when nuclei may be seen to multiply by
division, the formation of nuclei de novo, as it were, still takes place in the
parablast, the Jirst nuclei of the parablast have also originated in the same
manner, i.e., de novo."

KLEIN is of opinion that the peripheral thickening of the archiblast is
caused by an addition of cells from the subjacent parablast, and that a large
part of the hypoblast is derived from this layer. The evidence of Van
BAMBEKE also points to a similar conclusion.

KINGSLEY and CONN (15) describe an " intermediary layer " in the pelagic
ova of several fishes, in which "free cell formation" takes place, but are
inclined to regard the true hypoblast as derived, in the first instance, from
an invagination of the ectodermal layer of the epiblast. Mr KINGSLEY, how-
ever, informs me that, since the publication of the paper referred to, he has
been led to change his views on the subject.

HOFFMANN (14) affirms that the parablast arises with the formation of the
first furrow, which takes an equatorial direction, thus dividing the germinal disc
into two layers, each of which contains half of the first segmentation nucleus.
According to this author, nuclei are abundant in the parablast during later
stages, but the layer is not destined to take part in the formation of the
embryo. The parablast, according to HOFFMANN'S view, is rather to be
regarded as a degenerate relic of the vegetative pole in holoblastic types,
which, owing to the increase of yolk, is no longer able to fulfil its former
functions.

According to AGASSIZ and WHITMAN (1), the nuclei found in the parablast
(periblast) are derived from the margin of segmented blastoderm (archiblast),
and these authors figure a sixteen-cell stage, showing the origin of the
nucleated subgerminal layer. It would appear, however, from their observa-
tions, that the parablast is not concerned in formation of the hypoblast, but
that this is formed by a process of true invagination.

CUNNINGIIAM (8) supports the views of AGASSIZ and WHITMAN regarding
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the origin of the nuclei in the parablast, but is inclined to regard the
hypoblast as resulting from an invagination of the outer, instead of the inner
portion of the epiblast. Regarding the latter point, CUNNINGHAM may be
said to stand almost alone in supporting HAECKEL'S view of the formation of
the Teleostean gastrula, KINGSLEY, as already stated, having ceased to hold
that view. The general question of the origin and significance of the para-
blastic layer in meroblastic ova has not received much attention in this
country. BALFOUR (4 and 9), while accepting to a certain extent His's view
as to the development of free nuclei in the surface yolk of Elasmobranchs, and
in the white yolk underlying the blastoderm of the chick, does not accept his
terminology. According to BALFOUR, a number of cells are formed in the upper
strata of the yolk, which unite with the cells of the blastoderm during the
processes of invagination and differentiation of the germinal layers, but these
are apparently of only secondary importance. If the so-called " germinal
wall" of the chick embryo is a portion of the layer here termed parablast,
and there seems no room for doubt on this point, BALFOUR certainly held
that certain portions of all the germinal layers may chiefly or partly be
produced from this layer. Speaking of the differentiation of the layers in
the area vasculosa of the chick, he says :—" The mesoblast and hypoblast of
the area opaca do not arise by simple extension of the corresponding layers
of the area pellucida ; but the whole of the hypoblast of the area opaca, and a
large portion of the mesoblast, and possibly even some of the epiblast, take
their origin from the peculiar material which forms the germinal wall, and
which is continuous with the hypoblast at the edge of the area opaca." In
his latest contribution to the parablast question, His (13) withdraws from the
position which he formerly held in respect to the cellular character of the
white yolk spheres, and consequently of the derivation of nuclei and cells
from them. According to his view, the relation of the parablast to the
embryo may be shortly summarised in the following manner:—The segmented
blastoderm (circhiblast) gives rise to the three primary germinal layers,
epiblast, mesoblast, and hypoblast, but these only give rise to archiblastic
tissues.

The epiblast gives rise to the epidermis and the true glands derived from
it, and to a part of the epithelium of the digestive tract, as well as to the
nervous system.

The hypoblast forms the rest of the epithelium of the digestive tract, and
the glands belonging thereto.

The mesoblast (or, more properly speaking, that portion of it which is
derived from the archiblast) gives exclusively smooth and striped muscles,
together with the epithelium of the urogenital tract. Mesoblast also gives
rise to the primitive clothing of the coelom; but, according to His, this is
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only transitory, and later another connective tissue covering takes the place
of the primary one.

The whole of the blood and connective tissue, in its widest sense, are
developed at a later period outside the region of the segmented blastoderm, and
are therefore parablastic in their origin.

Thus the mesoblast in the ordinary sense (the middle germinal layer of
EEMAK) is a compound, and not a simple layer, and the two portions may be
spoken of as archiblastic and parablastic mesoblast. The parablastic mesoblast
of His almost exactly corresponds with the mesenchyme of the brothers
HERTWIG (11).

Finally, then, according to His, the parablast has nothing to do with
the formation of the primary germinal layers, but is utilised later to form
that portion of the mesoblast which gives rise to the blood and connective
tissue series.

More recently WALDEYER (26) has contributed a most important paper on
the subject, which, I take it, goes to the root of the matter. WALDEYER calls
attention to the structure of a typical meroblastic ovum, and to the relative
distribution of protoplasm and yolk. The yolk is passive food material, which
can only be utilised by the embryo after assimilation. Beneath the germinal
disc there are a number of protoplasmic processes (Keimfortsatze) which press
in amongst the passive food material; and there is also a thin cortical film of
protoplasm around the yolk. Segmentation takes place in the germinal disc,
but does not affect the protoplasmic processes or the cortical layer. Later
nuclei appear in the protoplasm, which is as yet unsegmented, and not in the
yolk itself. The cells thus produced give rise to parablastic tissues. Thus the
parablast layer is derived from the original protoplasm of the ovum, and not
from white yolk cells, and its nuclei are also derivatives of the first segmenta-
tion nucleus. WALDEYER distinguishes a primary segmentation, resulting in the
formation of the archiblast, and a secondary segmentation, which frequently
takes the form of budding, by which the parablastic tissues are derived.
WALDEYER also points out that there is no essential difference between mero-
blastic and holoblastic eggs; but that throughout the animal kingdom a
graduated series of modifications in the segmentation process are to be noticed,
which are largely due to the varying quantity of passive food material contained
within the ovum. It is also certain that the unequal distribution of the yolk is
as important as its quantity in bringing about modifications in the segmentation
process. According to WALDEYER'S view, the formation of parablastic elements
in holoblastic eggs is more easily explained than on His's view. During the
segmentation process division takes place most rapidly in that part of the ovum
containing least food yolk. At the base of the vegetative pole those cells are
found which contain most yolk, and therefore segment more slowly. Those
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cells which are ready for tissue formation arrange themselves into the three
primary layers, as in meroblastic ova, and constitute the archiblast. The cells
not yet ready, and overladen with nutritive yolk, bud off later processes of
protoplasm containing nuclei, which give rise to the parablastic elements of the
embryo.

WALDEYER admits that parablast cells may take part in the formation of
the hypoblast in some forms, as has been maintained by so many authors;
but thinks its chief function in the higher vertebrates, at any rate, is
to elaborate those cells which give rise to the blood and connective tissue
elements.

KOLLMANN (17) maintains that the layer which gives rise to the blood and
connective tissues represents a distinct advance on the triploblastic arrange-
ment of invertebrates, and raises it to the rank of a primitive organ under the
name of acroblast, and gives it an equal value with the other germinal layers.
He points out that acroblast exists in Aves and Lacerta as a peripheral
thickening between the epiblast and hypoblast before the mesoblast (the
archiblastic mesoblast of WALDEYER) is formed. The cells in this thickening
give rise to a series of amoeboid wandering cells (poreutse) by division, and
these in their turn fill in the serous cavities between the other germinal layers,
and form the blood and connective tissue.

My own Observations. —I will now describe the changes which take place in
the parablast, as I have observed them in the herring and other forms.

In the preceding section I described the appearance of the parablast at the
end of what I consider the primary segmentation stage in the herring. The
parablast, which has increased very considerably in bulk at the expense of the
yolk, leaves the periphery, and collects mainly under the archiblast. About
twenty-six hours after fertilisation transverse sections of the egg present the
appearance shown in fig. 12. The archiblast has become differentiated into two
layers. The outer small and somewhat flattened cells, which stain deeply with
carmine, constitute the epidermal layer of the epiblast. The cells more centrally
situated are larger, more rounded, and do not stain so deeply. They are loosely
aggregated together, and represent the nervous layer of the epiblast in other
Teleostean types which I have examined. It must, however, be remembered
that we have not yet arrived at the invagination stage, and the germinal layers
will not be differentiated for some time. Beneath the archiblast the parablast
appears as a thick layer of protoplasm which is undergoing division into cells.
Clear vacuole-like spaces are recognisable at irregular intervals both in the
peripheral parablast and in the part more centrally situated. Around these
clearer spots the protoplasm is becoming divided off so as to form a number of
cells. The lines of fainter colour in the parablast represent the planes of
division. So far as I can make out, there is no karyokinetic figure during.
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this process of cell formation in the parablast, and each nucleus arises inde-
pendently of its neighbour, in a manner similar to that which I have described
for Trachinus. The observations of KUPFFER, KLEIN, and others, are very clear
on this point; and I have frequently observed the full formation of nuclei both
in the living egg and in the prepared material. The protoplasm in which these
nuclei appear is, however, part of the original germinal layer of the ovum; and
it thus appears probable that they are to be regarded as derivatives of the first
segmentation nucleus. I thus regard the cells formed in the parablast as
secondary segmentation products in the sense of WALDEYER, and must leave
the question of nuclei open until we have more detailed information on the
subject. If, indeed, the observations of HOFFMANN should prove true for all
Teleostean fishes, the question presents no further difficulty; but, as already
stated, I have not been able to accept HOFFMANN'S views.

The cells thus formed in the parablast are next set free from their bed of
unsegmented protoplasm, and join those derived from primary segmentation
in the archiblast. About the same time the cells in the archiblast undergo
division, and soon the cells derived from the parablast are no longer distin-
guishable from the archiblast cells. As already stated, fig. 12 represents a
section of an ovum of the herring twenty-six hours after fertilisation. In
fig. 14, which is from material preserved two hours later, the cells derived
from the archiblast are easily distinguished from those which have been
recently added from the parablast. The archiblast cells stain more deeply,
and besides nuclei there are indications of an intracellular reticulum. Perhaps
the most noticeable characteristic is that the archiblast cells are loosely col-
lected together, and present in section a number of vacuoles between adjoining
cells Avhich have not yet become completely separated. The parablast cells, on
the other hand, only stain faintly, show little structure, and are closely crowded
together beneath the others. In fig. 16, which represents the appearance two
hours later again, all difference between the two sets of cells is lost, and if it
had not been for the two previous stages, one would not have known that the
archiblast had received any addition of cellular elements from the parablast.
The unsegmented portion of the parablast still remains as a somewhat thin
film beneath the segmented blastoderm, and again increases rapidly in bulk by
assimilation of food yolk. Four hours later than fig. 15 a number of cells are
again in process of formation, which are destined to be included in the seg-
mented blastoderm in a similar manner to the first batch. Fig. 17 represents a
section of this stage. The basal portion of the segmented blastoderm is repre-
sented with its adjoining parablast. The two portions are not in contact at the
periphery, but this is the result of a mechanical injury. An endeavour has
been made to represent as nearly as possible the exact appearance and struc-
ture of each cell in the portion of the section represented. A gradual transi-
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tion may be traced from the basal portion of the parablast, in which no nucleus
is to be found, to the completely separated cells, which are already included in
the morula. The first trace of cell formation is seen in a number of somewhat
deeper stained patches of protoplasm, the colour getting more intense towards
a centre, and gradually fading away from that point. A little later the cell
contour becomes visible as a less deeply stained outline. In the next stage
the nucleus appears as a less deeply stained portion in the centre of the cell.
Its outline is almost circular, and a delicate more deeply stained reticulum
may be observed in its interior. The deepest staining is now around the peri-
phery of the nucleus, and the colour gradually becomes less intense towards
the cell wall. Later the more deeply stained granules in the cell plasma
arrange themselves in the form of a. reticulum, which is ultimately connected
with that of the nucleus. By this time the cells, are indistinguishable from
those already forming part of the morula. In some of the cells more trans-
parent vacuole-like structures are found in the cell, plasma, both in the
parablast cells and in those of the morula, but are much more numerous in
the latter. Possibly these structures may be connected with the nourishment
of the cell, but this is not clear..

During the next few hours nearly the whole of the subgerminal parablasfe
has been used up in budding off cells to join in the morula, which has in con-
sequence increased very much in thickness, and presents a sharply curved
upper surface. The subgerminal parablast in eggs forty-five hours after fer-
tilisation consists of only a very thin film, as will be seen from fig. 18. The
peripheral parablast, however, consists of a comparatively thick wedge-shaped
mass, stretching from the base of the morula to the equator of the egg, and
contains a considerable number of rows'of nuclei. This portion of the parablast
has been gradually increasing in importance while the changes which I have
just described have been taking place in the subgerminal. parablast, but has not
taken part in these changes. It is this peripheral portion of the parablast
which has usually received attention from various investigators, and in which
the development of nuclei has been so often observed in the living egg. The
nuclei appear in concentric rings around the base of the morula, the first ring
being formed in the thickest portion of the layer, i.e., the part immediately
adjoining the morula. A faint cell outline can usually be observed in the proto-
plasm around each nucleus, but after a time this appears to become obli-
terated, though not so early as in Trachinus. In the living egg a single row of
nuclei can be observed at a stage corresponding to fig. 12. At the stage
shown in figure 14 there were three or four rows of cells in the peripheral
parablast. In the living egg, of which fig. 18 is a section, the peripheral
parablast has become cellular almost to the equator. The cells are arranged
somewhat irregularly. In the portions more densely crowded with nuclei, the
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cell outline is polygonal, whereas where there are fewer nuclei the cell contour
is more rounded. So far as I am aware, this stage represents the earliest one
at which cells from the parablast have been described as taking part in the
formation of the embryo in other Teleostean types. It corresponds to that of
fig. 2 in my account of the pseudo-invagination in Trachinus (6). The
extension of the morula over the yolk, the formation of the segmentation
cavity, and the differentiation of the germinal layers has not yet commenced,
though these changes immediately follow on this stage. So far as my investi-
gations go, I am not aware of any case exactly comparable with this, though
further investigations may probably reveal such. In all the Teleostean types
with which I am acquainted, with the exception of the herring, the primary
segmentation process results in the formation of a morula corresponding to
that of fig. 18, and it is only in stages immediately following this that the
elements resulting from secondary segmentation take part in the further
differentiation of the blastoderm. In other words, in most Teleostean ova, the
morula consists solely of archiblastic elements, and it is only after the formation
of the segmentation cavity, and the commencement of invagination, that the
parablastic elements come to be utilised. In the herring, as we have seen, at
least two distinct batches of parablast cells are budded off, and unite with those
of the archiblast before any trace of differentiation of the morula is to be found.
The final morula in this case contains parablastic as well as archiblastic
elements. The difference is important, and as I hope to show later, is con-
nected with the early elaboration of the parablast, and probably also with the
absence of a vitelline circulation in this type.

Shortly after the stage represented in fig. 18 the morula begins to spread
out over the yolk, and the extension is accompanied by a thinning out of the
central portion, which has hitherto been thickest. In this way a segmentation
cavity is formed, which, however, never reaches so important a development
in the herring as in some other Teleostean types. The parablast forms the
floor of the segmentation cavity, while the cells of the morula form its roof and
lateral boundaries. Fig. 21 (PI. XV.) represents a longitudinal section in the axis
of the embryo 68 hours after fertilisation. The roof of the segmentation cavity
is formed of several rows of cells, the most external constituting the epidermal
layer of the epiblast. Towards the periphery of the blastoderm there is a
thickening forming the commencement of the blastodermic rim. There is no
invagination of the epidermal layer of the epiblast, but the thickening may
possibly be in part produced by an invagination of the nervous layer. I am,
however, inclined to believe that the thickening, in so far as it does not result
from an addition or segregation of cells from the parablast, is due to mechanical
agencies. As the cells forming the roof of the segmentation cavity press
towards the periphery, so as to aid the blastoderm in its extension over the



FORMATION OF THE GERMINAL LAYERS IN TELEOSTEI. 231

yolk, they would naturally form a thickening on the under surface. The floor
of the segmentation cavity is lined by a comparatively thick layer of para-
blast, in which a number of free nuclei are embedded. The parablast
extends under the thickened peripheral portion of the blastoderm, and
around its margin forms a thickened welt, in which a number of nuclei are
also found.

Fig. 22 represents a portion of the section more highly magnified, The
peripheral parablast is richly charged with nuclei, as also is that lining the
floor of the segmentation cavity. These nuclei, before the formation of the
peripheral thickening, were abundantly distributed throughout the parablast, as
may be seen by a reference to fig. 20, which represents a slightly earlier
stage. Now, however, the portion of the parablast on which the thickened rim
rests is very thin, and is quite devoid of nuclei, whereas both in the peripheral
parablast and in that portion in front of the thickening nuclei are still nume-
rous. It is, therefore, impossible to avoid the conclusion that the nuclei, and
a large portion of the protoplasm formerly situated in the region of the
thickened rim have been used up in the formation of that thickening. The
layer, which is pushed inwards from the thickening, constitutes the primitive
hypoblast, so that I am brought back to my former observations on the
development of Trachinus and Motella (6), and can only reiterate that this
layer is mainly if not entirely formed by a segregation of cells from the para-
blast. A study of fig. 22 also brings out another important point. The cells
of the morula rest directly on the parablast in the region of the blastodermic
rim, Avhereas the two layers are separated more centrally by the segmentation
cavity. The result is, that the primitive hypoblast is closely connected with
the epiblast of the morula in the blastodermic rim, whereas the layer as it
gradually fills in the segmentation cavity never adheres to the epiblast, but is
always distinctly separated from it by a slight remnant of the cavity itself. It
is in this manner that I would propose to get rid of one of the chief arguments
against the parablastic origin of the primitive hypoblast. It has been argued
by HENNEGUY (10) and others, that if the primitive hypoblast in Teleosteans
was really formed from a different source than the archiblast, the two primary
layers ought to be distinct throughout their entire length. In other words, that
the separation of the primitive hyploblast and epiblast towards the centre of the
embryonal shield, and their close union at the periphery, was a strong argu-
ment in favour of the origin of the primitive hypoblast as a true invagination
of the arohiblast. HOFFMANN holds similar views. It will, however, be easily
understood that this close union of the primitive layers at the periphery is
equally the necessary result of the views which I advocate. The segmentation
cavity does not extend across the whole diameter of the disc as was advocated
by HAECKEL, but the peripheral portion of the disc always rests on the para-
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blast for about l-6th of its diameter. It is exactly in this part, and in this
part only, that the two layers are originally in close union.

I need not describe in detail the further advance of the primitive hypoblast,
and the gradual obliteration of the segmentation cavity as the result. Through-
out the process the parablast is very active in its elaboration of food yolk, and
is continually supplying the new layer with more cells. Fig. 23 represents a
transverse section of the body axis at a considerably later stage. It shows the
primitive hypoblast in close union with the parablast, from which it is derived,
but almost completely separated from the cells forming the roof of the
segmentation cavity. Fig. 24, which is a more highly magnified view of a
portion of this section, shows several important points. The intimate con-
nection between yolk and parablast cannot fail to be noted, and the physiolo-
gical function of the layer—the elaboration of fresh material for the embryo—
is well brought out. The upper portion of the parablast contains a large
number of free nuclei, which agree in every particular with the nuclei of the
primitive hypoblast cells. Around some the protoplasm is seen to be con-
stricted off to form cells. These are seen in all stages, from those completely
embedded in unsegmented protoplasm to those adhering to the parablast only
at one point.

Although at some points the epiblast and the primitive hypoblast are in
contact owing to the rapid and prolific growth of the latter, it appears probable
that the cells situated above the segmentation cavity give rise to the epiblast
only. While the primitive hypoblast remains still undifferentiated, the cells of
the epiblast collect, especially in the head region, forming a special thickening
for the rudiment of the central nervous system. In the axis of the embryo the
primitive hypoblast in the region of the head is pushed to each side by this
enormous development, so that, in longitudinal section, the primitive hypoblast
appears to cease in the posterior portion of the head swelling. Such a section
is shown in fig. 25. The nuclei in the parablast are still prominent, and the
two primitive layers are separated by a small space in the neck region, but are
united towards the caudal extremity. Fig. 26 represents a portion of the
section situated near the tail swelling, more highly magnified. The cells in the
epiblast are closely packed together, whereas those in the primitive hypoblast
are more loosely arranged. The two layers are not, however, distinctly
separated, though a difference in the staining of the nuclei indicates the point
of union of the two layers. The parablast still persists as a thin, unsegmented
layer of protoplasm closely connected with the yolk, in which numerous free
nuclei are embedded.

At a later stage in transverse section (fig. 30), the primitive hypoblast cells
in the median line change their appearance considerably. A number of,cells,
forming a somewhat circular or slightly quadrate cdrd, lose their distinct



FORMATION OF THE GERMINAL LAYERS IN TELEOSTE1. 233

outline, and seem to fuse together to form a more solid mass. This is the
commencement of the notochord. The two lateral portions become separated
from it as the lateral mesoblastic plates, and a single row of cells remains in
connection with the parablast, which constitute the commencement of the
permanent hypoblast. The lateral plates of mesoblast are completely separated
from the epiblast, but above the notochord there is an arrangement of the cells
which would lead one to suppose the two had been in close union. It thus
appears that in the herring the three germinal layers are not completely
differentiated until the notochord has made its appearance to separate the two
lateral plates of mesoblast. Though I cannot speak with absolute certainty,
there appears every probability that the primitive hypoblast gives rise to
notochord, mesoblast, and permanent hypoblast, and that the morula mass of
cells existing prior to the formation of the primitive hypoblast (the archiblast
in other Teleostean types) persists as the epiblast. It is possible, however, but
by no means sure, that some of its cells are included in the upper rows of
mesoblast cells.

Theoretical Considerations.—Since my observations were completed and the
bulk of the present paper written, I have received a paper by Dr RUCKERT (25)
on the Formation of the Germinal Layers in Elasmobranchs, published about
six months ago, in which the author has come to very similar conclusions to
those here advocated. His observations were made chiefly on the eggs of
Torpedo, and the following is a short summary of the results arrived at:—

1. The free nuclei in the yolk of meroblastic eggs (which RUCKERT terms
merocytes) are segmentation products which have undergone a secondary
modification under the influence of the food yolk. Their mode of origin
is most clearly demonstrated by the peculiar segmentation of the richly
deutoplasmic but still holoblastic eggs of many invertebrates (Insecta,
Crustacea, Vermes). In these there is at first a total segmentation, but
later the nuclei in the vegetative pole, together with the surrounding
protoplasm, separate themselves from the deutoplasm, and while under-
going frequent division produce embryonal cells which are undistinguish-
able from those formed by regular segmentation. The deutoplasm in
the vegetative pole becomes by this means passive food material, and the
whole original holoblastic egg a meroblastic one.

2. In Elasmobranchs the merocytes are amoeboid (rhizopodenartig) structures
whose richly ramifying processes absorb and assimilate the surrounding
yolk. They produce later a number of embryonal cells by endogenous
cell formation or budding.

3. The embryonal cells produced from merocytes take part in the formation
of all the germinal layers. In most animals they form the entoblast,
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mesenchym, and the blood. In many Arthropods they likewise supply
the entire ectoblast.

4. In Elasmobranchs they play only a subordinate part in the formation of the
ectoblast, and must here probably be regarded as homologous with the
vegetative pole of holoblastic eggs.

5. The merocytes arise with the first equatorial division of the segmenting
ovum. The germinal disc which represents the animal pole goes on
segmenting. The merocytes increase only to a trifling extent during
this period. The blastula cavity appears between the morula (archi-
blast) and the superficial layer of yolk charged with merocytes—that is
to say, between the animal and the vegetative poles of the egg. Its roof
gives rise to the ectoblast; its floor supplies the ectoblast in the follow-
ing manner:—The embryonal cells formed from the merocytes are
pushed up into the blastula cavity from the yolk, and close its lumen.
This process commences all around the periphery of the disc, but is later
mainly confined to the posterior position (embryonal shield). The blood
and mesenchym cells also arise from merocytes.

It will thus be seen that, according to RUCKERT, the hypoblast is derived
mainly from merocytes and not from a rearrangement of the " lower layer cells "
of the primary segmentation, as has been maintained by previous authors. The
merocytes of RUCKERT undoubtedly corresponds with the free nuclei in the
layer which I have termed parablast, and indeed in the Trout there is an
approach to the structure described by RUCKERT.

If these observations are correct, it will be necessary to modify considerably
our ideas of a meroblastic egg. Although meroblastic ova are usually regarded
as having been derived from holoblastic ones by the inclusion of an excess of
passive food yolk, the two appear to be more closely related than has generally
been admitted. We have been in the habit of regarding segmentation as only
taking place in the germinal disc, and have usually derived the three primary
germinal layers as a result of this segmentation process. The yolk is therefore
in the main regarded as a passive food store, which is assimilated later through
the digestive and circulatory systems. WALDEYER'S idea of the interrelation of
archiblast and parablast certainly modifies this view, and, I take it, is a step in
the right direction. According to the views here advocated, a meroblastic egg
produces the germinal layers from both animal and vegetative poles of the
ovum, as is the case in holoblastic ova, but the means by which this end is
attained is different in extreme cases. As RUCKERT has, however, pointed out,
there are a large number of types, particularly amongst the Arthropods and
Mollusca, which, so to speak, bridge over the gap between the two extremes.
The difficulty lies in the proper understanding of the vegetative pole in mero-
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blastic ova. As already pointed out, the vegetative pole in a Teleostean such as
the herring consists at first of only one cell, or if it contains more than one
nucleus the protoplasm is at any rate unsegmented. The protoplasm is mainly
peripheral, and surrounds a practically solid mass of passive yolk. There are at
most a number of protoplasmic filaments pressing down amongst the yolk
spherules which serve to bring the active and passive material into closer union.
Too much stress cannot be laid on this fact, for to my mind it constitutes the
main difference between meroblastic and holoblastic ova. A certain proportion
of yolk to protoplasm may or may not prevent total segmentation, the result
depending on their relative distribution in the ovum.

The development of the Decapod Crustacea shows that, to commence with,
total segmentation may take place, and then that later a central unsegmented
yolk mass may be formed, while the protoplasm and nuclei accumulate on the
surface. This appears best explained by supposing that the protoplasm, when
generally distributed throughout the yolk, was present in sufficient quantity to
bring about total segmentation, but that, as it collects at the surface, a central
mass of practically pure yolk is formed, which can no longer be assimilated in
the same manner as that in a typical holoblastic egg such as that of Amphioxus.
In this manner an ovum at first holoblastic becomes secondarily meroblastic.
To return to our Teleostean ovum. The protoplasm in the vegetative pole
increases rapidly in bulk by an assimilation of its enclosed food material, and
thus is enabled to bud off cells which, had the distribution of yolk and
protoplasm been otherwise, would have been produced by normal segmentation.
Thus arises the distinction between primary and secondary segmentation, and
the latter is seen to be only a modified form of the former. The first equatorial
furrow, whenever it arises, divides the animal from the vegetative pole, and in
meroblastic ova the segmentation in the vegetative pole, by becoming of the
secondary type, accommodates itself to any relative proportion of yolk.

According to my observations, the separation of the animal from the
vegetative pole in the herring occurs with the formation of the third furrow.
It may be, however, that this is not the case in all other Teleosteans. I never-
theless regard the furrow or partial furrow which divides the peripheral proto-
plasm from that which undergoes primary segmentation in the germinal disc, as
the equivalent of the first equatorial furrow in holoblastic types.

The archiblast in the herring, together with the cells derived from the
parablast, prior to the formation of the segmentation-cavity, give rise to the
epiblast. The vegetative pole then gives rise to the primitive hypoblast, which
is in turn differentiated into the mesoblast and permanent hypoblast. I am
not at present prepared to say whether this is the case in most of the
Teleosteans. It appears, however, on a priori grounds, that at any rate in
those forms which have a vitelline circulation the process may be modified. It
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may be that in such types the parablast is mainly concerned in the formation
of the connective-tissue elements, and so cannot play so important a part in
the formation of the germinal layers. In higher vertebrates {e.g., the chick)
the mesoblast in connection with the primitive streak is probably formed
independently of the parablast, but it is generally admitted that the hypoblast
is in part formed from that layer. So far as the chick is concerned, there
appears little doubt that the blood and connective-tissue elements are derived
from the parablast, and further investigation may show that in the trout and
allied types there is a similar double origin of the mesoblast. One further
point remains to be noted. The primitive hypoblast, as I have observed it in
the herring, is precisely homologous with that of the Amphioxus, which, be it
remembered, is a holoblastic type. In both cases the primitive hypoblast
becomes differentiated into two lateral plates of mesoblast separated by the
notochord, and what remains constitutes the permanent hypoblast.
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EXPLANATION OF PLATES.

Figures 5, 7, and 8 are taken from drawings by my friend Mr W. L. OALDEEWOOD ; figures 6 and
9 were originally drawn from the living egg, and the colours are diagrammatic. All the other figures
were drawn for me by Mr J. T. THOMPSON, M.B., CM. I feel it only just to Mr THOMPSON to state
that much of the delicacy of his original drawings has been unavoidably lost in their reproduction on
stone. The figures are taken exclusively from ova of herring.

PLATE XIII.

Fig 1.—Section of viscous layer and egg-membrane of a ripe unfertilised ovum. Externally is seen the
homogeneous viscous layer, then follows the outer layer of zona radiata longitudinally
striated, and most internally is the inner layer of zona radiata transversely striated.
Gundlach, -j^, Oc. 3.

Fig. 2.—-Section of abnormal egg-envelopes, showing viscous layer divided into two strata, and each
exhibiting a well-marked transverse striation. Gundlach, -j^-, Oc. 3.

Fig. 3.—Transverse section of an unfertilised ovum. The carmine-stained protoplasm is seen distri-
buted throughout the yolk, and not collected into a definite layer. In its meshes lie the
large unstained yolk-spheres, and they occupy the greater portion of the egg. Lying imme-
diately beneath egg-membrane are seen smaller yolk granules. Swift, 1 inch.

Fig. 4.—Germinal vesicle of ovarian ovum. Latest stage observed. Shows the irregular, somewhat
quadrangular, outline, the fine protoplasmic threads leaving its margin and going into yolk-
mass, and the delicate nuclear reticulum. Gundlach, ^ .

Fig. 5.—Section of au unfertilised ovum after lying two days in sea-water. Differs only from recently-
matured ovum in that the protoplasmic network has withdrawn a little from centre of egg,
and there is rather more protoplasm at periphery, but no disc-like prominence is to be
seen. Zeiss, A A, Oc. 3.

Fig. 6.—Optical section of a living egg, one hour after fertilisation. Germinal protoplasm is seen
collecting at circumference as a continuous layer, considerably thicker at one side. Yolk
granules are no longer visible. There is a large breathing-chamber. Zeiss, A A, Oc, 3.

Fig. 7.—Actual section of an ovum, one hour after fertilisation. Shows true relation of the protoplasm
to the yolk. The protoplasm is collecting at surface, but there is still left a portion mixed
amongst the yolk-spheres in the shape of branching processes, which towards germinal pole
are stronger, and penetrate further into yolk. Zeiss, A A, Oc. 3.

Fig. 8.—Section of an egg, five hours after fertilisation. Germinal protoplasm has almost entirely
collected at germinal pole. Large masses of yolk are entangled in the meshes of its
processes, and a number of yolk-masses, varying in size, are also found in body of germinal
mound itself. Zeiss, A A, Oc. 3.

Fig. 9.—Egg, nine hours after fertilisation; four-cell stage. Sketched from living egg, and coloured
to harmonise with the other figures. Shows the separation of parablast from archiblast
by the formation of an equatorial furrow. Lacunae are indicated in the yolk, which are
continued towards the base of disc by stalks. Swift, 1 inch.

Fig. 10.—Section of egg, twenty-one hours after fertilisation. Three rows of cells are seen in germinal
disc. Cell reticulum is well brought out by differential carmine stain. Zeiss, A A.

Fig. 11.—Section of egg, twenty-four hours after fertilisation, showing morula shortly before addition of
cells from parablast. The protoplasm of parablast is chiefly situated at yolk pole at this
stage. Zeiss, A A.
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Fig. 12.—Section of egg, twenty-six hours after fertilisation. Morula mass of cells (primary morula).
An outer row of flattened epithelioid cells is differentiated = epidermal layer of epiblast of
authors. Remaining mass consists of rounded cells loosely aggregated = nervous layer of
epiblast of authors. Cortical protoplasm has left yolk pole to collect under and around
segmented disc and nuclei, and outlines of cells can be made out in the subgerminal para-
blast. Primary segmentation has ended, and secondary segmentation has begun. Section
is not quite through centre of egg. Zeiss, A. A.

PLATE XIV.

Fig. 13.—An imperfect section of a stage shortly before that of fig. 12. Parablast is collecting towards
disc. Zeiss, A A.

Fig. 14.—Egg, twenty-eight hours after fertilisation. Section through marginal part of morula (haema-
toxylin). Cells from archiblast easily distinguished from those which have been recently
added from the parablast. Archiblast cells are stained more deeply, and there are
indications of intracellular reticulum. Numerous vacuoles are seen between archiblast
cells and bridges of protoplasm connecting the neighbouring cells together. Zeiss, D D.

Fig. 15.—Section of an egg, thirty hours after fertilisation. Unsegmented portion of parablast is seen
as a thin film beneath the segmented disc. End of first budding-off process in parablast.
Swift, 1 in.

Fig. 16.—Margin of morula of a stage about same as fig. 15, more highly magnified to compare
with fig. 14. All distinction between the two kinds of cells is lost (hsematoxylin).
Zeiss, D. D.

Fig. 17.—Egg, thirty-four hours after fertilisation. Section represents basal portion of disc with the
adjoining parablast; the two portions are not in contact at periphery, but this is the result
of a mechanical injury. Cells are again to be seen in process of formation in the parablast.
Differential carmine staining shows gradual transition from cells in process of formation at
the base of the parablast, to those already included in the germinal disc. Swift, -*-.

Fig. 18.—Section of egg, forty-five hours after fertilisation. The final morula, containing in herring
parablastic as well as archiblastic elements. Subgerminal portion of parablast is only a
thin layer, peripheral portion, however, forms a thick wedge-shaped mass, extending from
base of morula to equator of egg, and contains a considerable number of nuclei. Swift, 1 in.

Fig. 19.—Right corner of morula of fig. 18, more highly magnified and showing the nuclei in the
peripheral parablast. Swift, ^.

Fig. 20.—Section of egg, fifty-six hours after fertilisation, showing beginning formation of segmentation-
cavity. Parablast forms its floor, and the cells of the morula form its roof and lateral
boundaries. Nuclei are seen to be distributed throughout the parablast. Swift, 1 in.

PLATE XY.

Fig. 21.—Longitudinal section of disc in axis of embryo, sixty-eight hours after fertilisation. Shows
roof of segmentation-cavity formed of several rows of cells, its floor of parablast. Thicken-
ing at periphery forms commencement of blastodermic rim, and the layer pushed inwards
from this thickening constitutes primitive hypoblast. Swift, 1 in.

Fig. 22.—More magnified view of a portion of fig. 21. Absence of nuclei in thinned out portion of
parablast immediately below rim, but they are still numerous in peripheral parablast, and in
parablast forming floor of segmentation-cavity. In region of blastodermic rim the cells of
the morula rest directly on the parablast; but centrally the two layers are separated by
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the segmentation-cavity. Hence the close union of the primitive layers at periphery of
disc. Swift, -j.

Fig. 23.—Transverse section through axis of embryo, 77£ hours after fertilisation. Shows primitive
hypoblast in close union with parablast, from which it is derived, but almost completely
separated from the cells forming roof of segmentation-cavity. Swift, 1 in.

Fig. 24.—More highly magnified portion of fig. 23. Shows the intimate connection between yolk and
parablast. Upper part of parablast contains a number of free nuclei, agreeing in every
particular with the nuclei of the primitive hypoblast cells, and around some of them proto-
plasm is constricted off to form cells. Zeiss, E.

Fig. 25—Longitudinal section, in axis of embryo of an egg, 92£ hours after fertilisation. Blastopore
is near its closure. Primitive hypoblast appears to cease at posterior portion of head
swelling, due to its being in this region pushed to each side by the enormous development
of rudiment (keel) of central nervous system. Nuclei are still prominent in the parablast,
and the two primitive layers are separated by a small space in neck region, but are united
towards caudal extremity. Swift, 1 in.

Fig. 26.—Shows a portion of fig. 25, in region of tail swelling, more highly magnified. Cells in epiblast
are closely packed together, whereas those of primitive hypoblast are more loosely arranged.
The two layers are, however, not distinctly separated, though a difference in the staining of
the nuclei in the original preparation indicates point of union of the two layers. Parablast
shows as a thin unsegraented layer of protoplasm, in which are embedded numerous nuclei.
Zeiss, D. D,

Fig. 27.—Longitudinal section in axis of embryo, 101^ hours after fertilisation. Blastopore is just
closed. Nervous epiblast is conspicuous in anterior region. Mesoblast is beginning to
show division into somites, and hypoblast is distinctly separated in region of somites.
Zeiss, A A.

Fig. 28.—More highly magnified portion of same embryo, as fig. 27, showing epiblast, mesoblast, and
hypoblast, the last still in connection with the unsegmented protoplasm of the parablast.
Zeiss, D D.

Fig. 29.—Transverse section through body axis of an embryo of same stage as figure 27. Upper part of
section passes through the head region, and shows the thickened nervous epiblast (keel).
Lower part passes through tail region; notochord not yet differentiated. Zeiss, A A.

Fig. 30.—Transverse section of an embryo, 112 hours after fertilisation. Shows separation of the
notochord and the two lateral mesoblastic plates. A single row of cells remains in con-
nection with the parablast, and constitutes the rudiment of the permanent hypoblast.
Zeiss, A A.
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